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AFRODYNAMIC CHARACTERISTICS OF VARIOUS MDAC SPACE SHUTTLE
ASCENT CONFIGURATIONS WITH PARALLEL, BURN PRESSURE-FED

AND SRM BOOSTERS (M = 0.4 - k4.5)

By

T. W. Jarrett
INTRODUCTION

Various space shuttle ascent configurations were tested in the
MDAC Aerophysics 4 x 4 Ft. Trisonic Wind Tunnel. The models were 0.6
percent scale. The ascent configurations consisted of a NASA/MSC
O40A orbiter in combination with various HO centerline tank and boos-
ter geometries. The purposes of the tests were to determine the aero-
dynamics of the ascent configurations, the aerodynamic interference
between components and its effect on orblter aerodynamics, and to
determine orbiter aileron effectiveness.

. The model was sting mounted with either a single internal balance
(in the orbiter HO tank) or dual internal balances (one in the orbiter
and one in the orbiter HO tank). With the dual balance setup, three
types of runs were made; one with tank alone on the tank balance, one
with tank and two attached boosters on the tank balance, and one with
the tank and one booster attached on the tank balance and the other
booster isolated on a separate sting but In proximity to the tank and
orbiter. 1In addition to the 6-component force and moment balance data,
base pressure data were taken for the boosters, the tank and the orbiter.
Angle of attack data included a sweeps at 0° and 6° 8 (the latter in-
volving a knuckle change) and B sweeps at 0° and 6 a. Through the use
of a remote roll device it was usually possible to get both an a sweep
and a B sweep in a single run.



INTRODUCTION (Continued)

The report consists of five volumes arranged in the following manner:

Volume I Ascent configurations with centerline
HO tanks Ty and Tp '

Volume IT Ascent configurations with centerline
HO tank T3
Volume IIT Ascent configHrations with centerline
" HO tank T),
Volume IV Ascent configuration plume studies

and conflguration buildup

Volume V Orbiter alone, Tanks alone and
Boosters alone '
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NOMENCLATURE

General
SADSAC
SYMBOL DEFINITION
speed of sound; m/sec, ft/sec
CP pressure coefficient; (p, - pw)/q
MACH Mech number; V/a
pressure; N/m®, psf
Q(NsM) dynadic pressure; 1/2pV°, N/m?, psf
Q(PsF) :
RN/L unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec
ALPHA angle of éttack, degrees
BETA angle of sideslip, degrees
PSI angle of yaw, degrees
PHI angle of roll, degrees
mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
base ares; m2, ft2
BREF wing span or reference span; m, ft
center of gravity
LREF reference length or wing mean
aerodynamic chord; m, ft
SREF wing asrea or reference ares; m2, £42
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on Z axis
basé
local

static conditions
total conditions
free stream



NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION
Oy CN normel-force coefficient; EEEEEEEEEESE
q
CA CA axial-force coefficient; Eziéigfszss
q
Cy cY side-force coefficient; gige foree
q
Cay, CAB base-force coefficient; 'EEEEEEQEEE
q
-Ap(Pp - Po)/aS
CAf CAF forebody axial force cogfficient, Cp - CAb
.Cm CIM  pitching-moment coefficient; pitching moment
' , | R
Cn CYN yawing-moment coefficient; yawing moment
. qSb
cy CBL ~ rolling-moment coefficient;- rollingbmoment
. q
Stability-Axis System
C CL 1ift coefficient; Xift
L qs
Cp CD drag coefficient; drag
v ' as
Cp, CDB base-drag coefficient; ‘R‘iiisir.ﬁs
q
CDf CDF - forebody dreg coefficient;_QD - CDb
Cy cY side-force coefficient; §1§E.§2£S§
Qs .
CIM : pltching-moment coefficient; pitching moment
' _ aslrer
Cn CIN yawing-moment coefficient; IEEEE&E%EEEEE
) CSL rolling-moment coefficient; rolligg moment
q
L/D L/D lift-to-dreg ratio; Cp/Cp



ADDITIONS TO NOMENCLATURE

SADSAC
SYMBOL SYMBOL DEFINITION

CI? CLSQR 1lift coefficient squared;'

s ATTRON aileron, total aileron 'deflection angle,
degrees, (left aileron-right aileron)/2.

de ELEVON elevon, surface deflection angle, positive
deflection, trailing edge down; degrees.

oy RUDDER rudder, surface deflection angle, positive
deflection, trailing edge to the left;
degrees

érf . RUDFIR rudder flare, split rudder deflection angle,

left split rudder trailing edge left and
right split rudder trailing edge right,
bpp = (érL + arR)/2, positive deflection;

degrees,



'CONFIGURATIONS INVESTIGATED

The wind tunnel models were 0.6 percent scale models and included one
orbiter configuration, four tank configurations, and seven booster configu-
rations, The orbiter centerline HO propellant tanks included variations in
diameter (302 and 325 in. ), nose cone angle (10° and 15°), and axial position
(120 inch travel). Of the boosters, three were solid rocket motors with the
remainder being pressure fed boosters. The pressure fed boosters included
variations in diameter (206 and 248 inch), nose cone angle (15° and 20°) and
base flare (5° and 15°). The solid rocket motors included variations in
diameter (156 and 120 in.) and base flare (0° and 15°) for the 156 in. motor.

In addition, simulated rocket plumes were tested at M = 1.5 and 2.2 for
both pressure fed and solid rocket motor boosters. These plumes were made up
of three solid aluminum bodies each of which represented an envelope of in-
dividual engine plumes for the orbiter and each booster. These envelopes
were generated by taking the outermost plume boundary of the outermost engine
for each component and rotating this boundary about the null thrust vector
of the component (orbiter or booster). The individual engine plumes were
generated at MSC with the plume boundary defined by a method of characteris-
tics solution with the flow field originating at the exit plane, and the
effects of the external flow on the boundary calculated by Newtonian impact
theory.

___The contours of the various plumes tested are defined in Table 4 and. = .
Figure 43 through 46. The matrix of plume testing was as follows:

CONFIGURATION BOOSTER PLUME ~  ORBITER PLUME MyEsT
01T1B1 , LOX/PROP M = 2.5 b ENG. J2S M = 2.5 2.2
01T1 By LOX/PROP M= 1.5 3 ENG. HiPc M = 1.5 1.5
071T1By LOX/PROP M = 1.5 3 ENG. HiPe M = 1.5 2.2
03 T3Bg 156" SRM M = 1.5 3 ENG. HiPc M = 1.5 | 1.5
0, T3Bg . 156" SEM M = 2.2 3 ENG. HiPc M = 2.2 2,2 |
O1TyBrA1-h 120" SRM M = 1.5 3 ENG. HiPc M = 1.5 1.5
O1T4B7A1 -4 120" SRM M = 2.2 3 ENG. HiPc M = 2.2 2.2



Symbols for Orbiter Configuration:

Symbol

01
Wl
Bl
El
val
Ve
Vorr
co -
R1
R2
Pl
ML
c1
co

Symbols for Tanks

Symbol

T( )
T( )g
Fl

Symbols for Boosters:

Symbol
B( )

S
FlL
A

Symbols for Plumes:

Symbol
+ Plume (2.5)

+ Plume (1.5)

+ Plume (2.2)

Description

W1BlELVZR2PIMLCO

Wing

Body

Elevon

Centerline vertical (Replaces V2R2)
Centerline vertical

No centerline vertical

Canopy

Rudder for V1

Rudder for V2

ACPS Engine Pod

OMS Engine Pod

Cupola

Canopy Off (Replaces CO)

Description
Tank complete

Tank complete at an alternate position with

respect to the boosters and orbiter

Fin for T)

Description

Boosters complete
Skirt for booster
Fins for B)

Thrust vectoring fuel tank for By

Descrigﬁion
3 Plumes (Orbiter + 2 Boosters) at M

3 Plumes (Orbiter + 2 Boosters) at M

3 Plumes (Orbiter + 2 Boosters) at M



TEST FACILITY

The MDAL 4' Trisonic Wind Tunnel facility is a blowdown type operation
capable of Mach ngm ers of 0.2 to 5.0 and Reynolds numbers from approximately
1lx lO to 2 x 10° per inch. The subsonic and transonic Mach numbers are
run in a porous wall test section which is removed for supersonic testing.
The supersonic test section utilizes a two dimensional flexible plate nozzle
to obtain Mach numbers 1.5 to 5.0. The models are mounted on a sting that
is supported from a vertical translating strut with a vertical plane rotating
pod having a pitch range of -150 to +250 when no offset adapters are present.

MODELS AND SUPPORT EQUIPMENT

The test models with all of their interchangeable component parts were
0.60 percent of full scale.

The orbiter model had a blended body contoured into a low delta wing.
Effects of orblter position and booster relative to the tank was investigated
at two longitudinal locations on the tank (nominal and aft). The orbiter and
boosters can be bolted to the tank (T1) in both nominal and aft positions as
well as independently mounted from the tank. For the bolted orbiter case, the
orbiter balance was inoperative and there were no force or moment data for the
orbiter.

Effects of the orbiter control surfaces and control surface deflections
were investigated for elevons, ailerons, and rudder with the surfaces de-
flected and undeflected.

Transition strips of No. 120 carborundum grit were used to insure boundary
layer transition from laminar to turbulent flow. These strips were 3/32 inches
wide and were located 3/4 inches aft of the orbiter nose, 1/2 inch aft of
the booster nose, 1/2 inch aft of the tank nose, and at 5 percent local chord
(both surfaces) on the wings, vertical tails and fins.

To achieve the required test angles of attack and sideslip two straight
balance adapters were used in combination with the MDAIL 6 degree sting adap-
ter. A straight sting section positioned the model properly in the test
section.

Pressure data for the orbiter, tank or the booster were obtained from
base and balance cavity pressure pickups that were cantilevered off the
sting. Ieads for these pickups were routed externally over the model support
system and into the tunnel strut. The boosters in the presence of the tank
each had a base pressure pickup,



DATA REDUCTION

The data are corrected for such factors as model tares, sting bending
and balance deflectlions, interactions, and bilinearities.

Composite Conflgurations

1. The orbiter data were reduced_abouf the orbiter MRP using its
reference dimensions and about the tank MRP, using orbiter
reference dimensions (@ for longitudinal and b for lateral).

2. The tank data were reduced about the tank MRP using orbiter
reference dimensions (¢ for longitudinal and b for lateral).

3. A summation of the orbiter (tank MRP) and tank (tank MRP) data
with all data corrected for angular attitudes to the tank body
axes.,

Orbiter Alone Configurations

1. The orbiter data were reduced about the orbiter MRP using the
orbiter reference dimensions (& for longitudinel and b for
lateral).

Tank Alone Configurations

1. The tank data were reduced about the tank MRP using the
orbiter reference dimensions.

Booster Alone Configurations

l. The booster data were reduced about the booster MRP using
the orbiter reference dimensions.

Ascent configuration composite tank MRP data, orbiter alone data, tank
alone data and booster alone data are presented in this report, with the
remaining data on file and available upon request.

Reference quantities used in these data reductions are as follows:

ORBITER
Quantity Full Scale Dimensions Model Dimensions
(Reference only)
Reference Area (s) 3155.3 Ft2 16.37 n®
Reference Span (b) 882 In. 5.292 In
Reference MAC (c) 609.5 In. 3.657 In
Moment Reference Points See Figures 13 & 1k

10



DATA REDUCTION (CONTINUED)

Areas:

Total Bese (Agp)

Quantity

Reference Area (S)
Reference Length (b)
Reference Length (&)
Moment Reference Points
hreas:

' Total Base (Ag)/Tank

Quantity

Reference Area (S)
Reference Length (b)

Reference Iength ()

Moment Reference Points -

208 Ft2

TANK

Full Scale Dimensions
(Reference only)

3155.3 P2
882 In.
609.5 In.

T - 422 Ft2
T2 - 4o2 Ft°
T3 - 518 Ft°
T - 537 Ft°

BOOSTER

Full Scale Dimensions
(Reference only)

3155.3 ££°
882 in.

609,5 in;

11

1.546 In®

Model Dimensions

16.37 in°
5.292 in.
3.657 in.

See Pigures 13 & 15

2,125 Tn2
2.125 Tn2
2,613 Tn®

2.785 In°

Model Dimensions

16.37 in°
5.292 in,

3.65T in.

See Figures 13 & 16 through 19



DATA REDUCTION (CONTINUED)

Areas:

Total Base (Ap)/Booster BL - 901.0 Ft? 4.539 In®
BIS1 - 2125 Ft° 11.0093 In®
BIse - 4785 P2 2L, 7887 In®
B2 - 137.8 Pt 0.694 In?
B2S - - hog mt° 2,158 In°
B3 - 902 Ft2 4.545 In2
Bi - 568 Ft2 2.865 In®
B5 - 557 Ft® 2.883 In°
B6 -  95.4 mt? 0.481 In®
BT - 9.3 Ft? 0.408 In?

12



TABLE 1.

TEST CONDITIONS
TEST _5-222 |

~ REYNOLDS NUMBER {. DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per (inch) (pounds/sq. inch) (degrees Fahrenheit)
0.4 0.50 x 10° 3.3 53
0.6 0.83 x 100 7.6 47
0.7 . - 0.74 x 1° 7.8 68
0.9 0.79 x 1P 10.0 50
0.95 . 0.67 x 1P 8.8 _ 53
1.05 0.69 x :Lo6 9.5 . 50
1.1 . 0.69 x 100 9.8 ' 50
1.5 0.63 x 1P 10.0 55
0,2 : 0.63 x 1P ‘ 9.9 68
2,25 0.9 x 1P 1.0 | s
o5 b 0.66 x 1P __10.3 91
4.5 1.15 x 106 - 10.6 - 120
BALANCE UTILIZED: See Listing on next page.
. COEFFICIENT
CAPACITY : ACCURACY : TOLERANCE :
NF |
SF
AF
PM
™
RM
COMMENTS :

13




TABLE 1.
TEST CONDITIONS (CONTINUED )

BATANCES UTILIZED

Several balances were required during the test. TListed below are the

balances used, their capacity and the corresponding tunnel runs which apply
to each.

BALANCES
Orbiter Tank Balance
3/4" D. 1" D.
Runs 1-10 #7 DAL #13 NAR
Runs 11-113 - #13 NAR
Runs 11L4-184 #5 DAL s -
Runs 185-197 - #13 NAR
Runs 198-270 #58 DAL ' #3 NAR
Runs 271-420 #58 DAL #11 DAL
Runs L21-424 - #11 DAL
Runs 425-459 - #1 DAL
Runs L460-47h - #1 DAL
Runs L475-569 #58 DAL #1 DAL
Runs 570-646 - #11 DAL
Balance MK. 31A MK. 2A MK. 10 MK. 7T MK. 3C
3/4" D.#7 DAL 3/4" D.#5 DAL 3/4" D.#58 DAL 1" D.#13 NAR 1" D. #1 DAL
Gage Capacity
NF (each) 100 1b. 100 1b. 100 1b. 500 1b. 250 1b.
2 gages
SF (each) 100 1b. 50 1b. 100 1b. 300 1b. 250 1b.
2 gages
AF 80 1b. 25 1b. 50 1b. 500 1b. 150 1b.
RM 20 in.1b. 60 in.1b. 40 in.1b. 150 in.1lb. 150 in.1b.

14
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TABLE 2, TEST S-222 DATA SET COLLATION SHEET (CONTINUED)
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TARLE 3. MODEL COMPONENT DESCRIPTIONS

o ceame-—

MODEL COMPONENT: BODY - B1, B,

GENERAL DESCRIPTION:  040A Orbiter Body

B. INClVDES Cnnopy

B2 wWithovt canopY

DRAWING NUMBER: JLP SDD 9-24-71

DTENSIONS: : | | FULL-SCALE
Length, inch o 131s.
Max. Width, inch | 204.
Max. Depth , inch , : 238.

Fineness Ratio ' 7.07

Areas, inch

Max. Cross-Sectional T 306.2 ft2
Planform 1676, £t
Wetted | i 6530. f£t2
Base R | 298, £t2

MODEL SCALE

7.89

1.224
1.427
7.07

1.590 in.

8.68 in.2
33.8 in.2
1.546 in.

L ————————

2

.



MODEL' COMPONENT: . _WING, W1

,éCQﬁTINUED).'ﬂi

" GENERAL DESCRIPTION:

Q40A Orbiter clipved dalta wing

" DRAWING HUMBER:
. DIMENSIONS:

TOTAL DATA, INCLUDES ELEVONS , i

Area g g
Planform 3155.3 ft
Wetted 5360, ftf

Span (equivalent), inch 882.

Aspect Ratio T 1.012

Rate of Taper -= “'

Taper Ratio 1486

Diehedral Angle, degrees 7.0 :
. Incidence Angle, degrees 1.5

Aerodynamic Twist, degrees 0_.

Toe-In Angle - :

Cant Angle ' . -

- Sweep Back Angles, degrees R ‘
Leading Edge 60.
Trailing Edge 0
0.25 Element Line 52.4

Chords: inch | - o .
Root (Ming Sta. 0.0) . _897
Tip, (equivalent) (y = 441) - T133.3
MAC ' 609.5
Fus. Sta. of .25 MAC X 1057.5
W.P. of .25 MAC , . 2 .302.3

B.L. of .25 MAC
~Airfoil Section

JLP SDD 9-24-7L

FULL-SCALE

Y "165.7

Root NACA 000%8-64
: ~ Tip SRS 0003-64
EXPOSED DATA, INCLUDES ELEVONS NAEQ‘"T#iJZL
- ! ‘Area 2010. £e2
- ' Span, (equ1va1ent), lnch § 678.
Aspect Ratio AR 1.590
Taper Ratio il e .1850
7 Chords, inch ’ o
Root (Y102) ; 720,
Tip (Y441) , 133.3
MAC ’ : - 494, -
Fus. Sta. of .25 MAC _ X _1145.5
W.P. of .25 MAC © 27 308.1
B.L. of .25 MAC

37

Y 232.8

MODEL SCALE.

 16.37 in.2

52.4

—3.38_
8
3.657
6.36
1.812

.996

NACA 0008-6% -

NACA 0008-64

14.45 in.2
4,07
1.590

1850

- 46.32
.800
2.97
6.87
1.87
1.397



LY

MODEL COMPONENT: ELEVONS

- o

" maRIE 3. (coNTINUED)

GENERAL DESCRIPTION:

N

DRAWING NUMBER: JLP SDD 9-24-71

DIMENSIONS: (FOR BOTH ELEVONS)

Are& S ‘

Span (equivalent), INCE
Inb'd equivglent chord , INCH
Qutb'd equivalent choré » INCH

Ratio movaktle surface chord/
total surface chord

At Inb'd equiv. chord

At Outb‘d'equivf chard
Sweep Back Angles, degfees

Leading Edge -

Tailing Edge

Hingeline

Area Moment (Normal to hirge line)

38

456. ft

556.
118.

118.

1662
.517

o e

0

0 -

2240, £t

FULL-SCALE
2

0DEL SCALE

2.35 in.z

3.33

.708 .

.708

.1662

.517




/ ' DABLE. 3. (CONT‘.IIVUED) | -
- MODEL COMPONENT: _ VERTICAL FIN, V1 ' ' LT T -

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
Airfoil Section
Root
. Tip
EXPOSED DATA

Area :

"Span, (equ1va1ent)
Aspect Ratio
Taper Ratio

-‘Chords
Root - -
. Tip
MAC : :
Fus. Sta. of .25 MAC

W.P. of .25 MAC

.

. o  }

. B.L. of .25 MAC ‘ ‘

X _1422.7
-Z _604.2

0
. NACA 0012-64
v e L
SAME "
. AS e —
ABOVE

39

: GENERAL DESCRIPTION: 040A Orbiter Vérciéal Fin. Both leading and trailing e&ges
./ Swent. . A '
AN
- . \\..
DRAIING “NUMBER: JLP SDD 9-24-71 )
 pIMEnsTONS: T e scm.s MODEL SCALE’
TOTAL DATA, INCLUDES RUDDER EXCLUDES TP POD
 Area ' 2- DY * @
Planform S 342. feo 1.772 in.
etted - T68%. ftr "3.55 in.% '
Span (equivalent) T 246.2 1.480
Aspect Ratio - 1.228 1.228
Rate of Taper == ' ==
Taper Ratio - - .374 374 A
Diehedral Angle, degrees - --
Incidence Angle, degreaes 0 0
Aerodynamic Twist, degrees 0 0
Toe-In Angle .. -- L ==
Cant Angle - --
Sweep Back Angles, degrees :
Leading Edge 45, 45,
Trailing Edge 15. 15,
0.25 Element Line 40,75 40.75
Chords : INCH . o
Root Q{}@WJSQ&.\'}GZOZ}\(Z 500) 291.6 1.750
Tip, (equivalent)(Z 745.2) - ~109.0 .654
MAC 214.0 1.284

NACA 0012-64
T




.+ TABLE 3. (CONTINUED)

- Area Moment (Formal to hingz Tine) 448. £63

Lo

MODEL COMPOMENT: __ RUDDER. R1_ T
GENERAL DESCRIPTION: 4 CTET TN
DRAWING NUMBES: JLP SDD 9-24-71 -
pIMENSIONS: . — . . _FULL-SCALE MODEL SCALE
 Area S 135.6 £t2 .702 tn.2
Span (equ{Qalent), INCH .2&612—_. 1.475 |
Inb'd equivélent chord , INCH .‘ 115S. .690
Outb'd equivalent chord , INCH ’ __43.8 -263
Ratioc movable sﬁrface.chord/ | | ' ‘
total surface chord - . -
) At Inb'd equiv. chord . A”.ao-'z .40
At Outb'd equiv. chord - _ .40 40
~ .Sweep Back Angles, degrees : : -
. Leading Edge | L - J 291_~ 29.1
T?ﬂing-Edge . IR 15.0 15.0
_ Hingeline | 290 29.1
' - | .145 Zn.°




TABLE 3. (CONTINUED)

2 el

MODEL coMroueEnT:  VERTICAL TAtL - v2-

GEMERAL DESCRIPTION: Centerline Stanilizer ' K

DRAWING HUMBER: NR

-DIMENSIO:S: | . ' o FULL-SCALE MODEL SCALE
TOTAL DATA

Area .

Planform

Wetted . .
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle

Sweep Back Angles, degrees . . o
Leading Edge . . 45° L5
Trailing Edge : )

0.25 Element Line -t

Chords: . -

Root (Wing Sta. 0.0)
Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section -
$90t - NACA 0012-64
ip : »
EXPOSED DATA NACA-O2-54
Area 69,837.3 ;2 = 2.514 in°
Span, (eqd1va1ent) : . 369,17 in 2,215 in
Aspect Ratio = - _ » 1,95 1.95
EﬁgegsRatio . . 0,.2137 23137
Root : 288,06 in. __1.728.4n
:;}\g . 90,35 in 0-5&@8 in
_ : 206,38 in 1.238 in
Fus. Sta. of .25 MAC ‘ 1469.04 .81
W.P. of .25 MAC - 652, _ ~3.915
B.L. of .25 MAC 0 0

by



TABLE 3. (CONTINUED)

MODEL COMPONENT:  RUDDER R

2

GENERAL DESCR1. TIOHN:

DRAWING NUMBER:

DIMENSIONS :

Area

.Span (equivalant) |
Inb'd equivalent chord
Qutb'd squivalent chord

Ratic Elevator chord/horizontal
tail chord

At Inb'd equiv. chord

At Outb'd equiv. chord
§weep Back Angles, degrees

Leadiné Edge

Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

ko

FULL-SCALE

81 it

346 in
115 in

m———

36 in

.40
.40

32°
21°
. 320

569 ft

A et e i et

2.073 in
691 1in
217 in

212 in®



TABLE 3. (CONTINUED). * ~'.0 =

MOGEL COMPONENT: BODY - ACPS ENGINE POD . P1

GEMERAL DESCRIPTION: Blunt pod momnted onm both wing tips.:

ORAWING NUMBER:
DIMENSIONS :

Length , inch
Max. Width , fach
. Max. Depth , inch

Fineness Ratlo

Areas, in.2
Max.v Cross-Sectional
Planform
Wetted

JLP SDD 9-24<71

L4z~

FULL-SCALE

165.
55.
28.

1540,
8280.
15,800.

1540,

MODEL SCALE

.990

.330
.168

-

.0555

.298
.568

.0555



——
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- g vemwe
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TABLE 3. {CONTINUED) -

MODEL COMPONENT: BODY - OMS ENGINE POD , M1

GENERAL DESCRIPTION: Pods mounted on both sides of aft end of fuéelagé.'

DRAWING NUMBER:

_DIMENSIONS:

Length, inch
Max. Nidth, inch
. Max. Depth, inch
Fineness Ratio
Areas, in.2
Max. Cross-Sectional
Planform
Wetted

' Base

JLP SDD 9-24-71

* FULL-SCALE

251.

42.8

__59.0 -

1828.

_9880.
25,400,

1807.

by

MODEL SCALE
1.509

.257

.356

nt——

-

.0658
.356
.915

A —————————————

.0651

A ————————————



__TABLE 3. (CONTINUED)

MODEL CCMPONENT: BODY - MO Tank - T,

GENERAL DESCRIPTION:

Blunt cone-cylinder centerline tank with aft boat tail.

Ocone = 10°. Mose radius = 22 in. *full-scaie.

Diameter at base = 274 in. full-scale.

DRAHING NUMBER:

DIMENSIONS: - : FULL-SCALE MODEL SCALE

Length o 222 40 _l2a3din.
Mex. Width | _30ldin. _1.806 in.
Max. Depth D1af | . 301 _in, _b | 1.806. in,
Fineness Ratiq | - 6.73 ¥ 6.23
Area |
Max. Cross-Sectional JE%L_fEE__ _2.562 4n.2
Planform " ) e o
Wetted - === | _ SR
Base | | 222 ft? 2,125 in.?

ks



| TABLE 3. (CONTINUED)

MODEL COMPONENT: BODY - HO Tank - T,

GENERAL DESCRIPTION:

Blunt cone-cylinder centerline tank with aft boat tail.

Ocone = 15°. Nose radius = 22 in. full-scale.

Diameter at base = 274 in. full-scale.

DRAWING NUMBER:

DIMENSIONS : | - FULL-SCALE
Length 1867 in.
Max. Width 301 in.
Max. Depth na. | 301 in.
Fineness Ratio | ‘_;6°2
Area A | |
Max. Cross-Sectional 294 _ft?
Planform —-
| Wetted | o ———
Base o | 22 ft2

46

MODEL SCALE

11.205 in.

1.806 in.

1.806 in.
6.2



TABLE 3. (CONTINUED)

MODEL COMPONENT:  89bY - HO Tank - '!':L

GENERAL DESCRIPTION:

Blunt cone-cylinder centerline tank with aft boat tail.

!

© cone = 10°. Nose radius = 22 in. full-scale.

Diameter at base = 3C4 in. fuli-scale.

DRAWING NUMBER:

DIMENSIONS: | -~ FULL-SCALE MODEL SCALE
Length B . - 1914 in, 11.442 _in, |
Max. Width . © .323.5 in, 1.941.in..
Max. Depth Diaf : ) | ‘_3234§_jn., ' 1 $n.
Fineness Ratio - . 5,02 _5.92.
Area |
Max..Cross-Sectiona1 : ,_§§Z;fggi_ 2.959 16.2.
Planform | ' ' ' = | —
Wetted | - TR
Base o st 2,613 _in.>

bt



- MODEL COMPONENT:  BODY - HO-TANK-T

TABLE 3. (CONTINUED)

.|
e

GENERAL DESCRIPTION: Blunt Cone-Cvlinder Centerline Tank with Aft Boat Tail

8Cone = 20°. Nose Radius = 22 In. Full-Scale. Maximum Diameter = 334 In.

Full Scale.

DRAWING NUMBER:

DIMENSIONS : ' FULL-SCALE MODEL SCALE
Length 1700 _In. _10.200 In,
Max. Width 334 In. 2.004 In.
" Max. Depth e 334 In. 2.004 In,
Fineness Ratio - _5.09 - 5.09
Area
Max. Cross-Sectional 608 Ft.2 3.154 In.?
Planform ' -—- -
Wetted .- _ -=-
2 2.785 In.’

Base 37 Ft.

L8



 'TABLE 3. (CONTINUED)

MODEL COMPONENT: TANK VENTRAL FIN, F,

GENERAL DESCRIPTION:

Single Fin Mounted on Tank, T,.

Fin has no movable surface.

DRAWING NUMBER:

DIMENSIONS:

Area
Span (equivalent)
Inb'd equivalent chord

Outb'd equivalent chord

Ratio Elevator chord/hofizonta}

tail chord
At Inb'd equiv. chord
At Qutb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

337
237

323.

87

 FULL-SCALE

Ft.

In.
In,

In.

2

MODEL SCALE

2

1.747 In.
1.420 In.
0.520 In.



TABLE 3. (CONTINGED)

MODEL COMPONENT:  BODY - Booster, 81

GENERAL DESCRIPIION: Parallel burn version of recoverable pnressura-fed booster

(RPFB). Blunt core-cvlinder with afterbody flare. ©cone - 20°, Oflare = 15°,

=

Nose radius = 22 in. full-scale.

DRAWING NUMBER:

DIMENSIONS : . FULL-SCALE MODEL SCALE
.Length . 1799 in ]b 792 in. . |
Dia. Body 206 in. _1.236_in.
Max. Dia. Flare o 402 in. _2.412 in,
Fineness Ratio 8.73 8.73
Area A
Cross-Sectional (Body) 231 2 1.200 in.2
Planform | L mm— -
Wetted | | | - =
Base (flare) | 901" £t2 4.539 in.?

50
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TABLE 3. (CONTINUED)

MODEL COMPONENT:  LoDY - Booster, B'S
LI |

GENERAL DESCRIPTION:  Pressure-Fed Booster

DRAWING NUMBER: ' o

DIMENSIONS : : o FULL-SCALE
Length _ ,“1799 In.
Dia. Body . - - 206 In.
Max. Dia. Flare o 624 In.
Fineness Ratio | - 8.73
Arca | ‘
Max. Cross-Sectional (Body) 23] _Ft2
Planform : : ——
Wetted e
Base (Fiare)' | - 2125 Ft°

21

MODEL SCALE:

10.792 In.
1.236 In.
3.744 In.
8.73

11.0093 In.?



TABLE 3.. (CONTINVED)
MODEL COMPONENT:  LODY - Booster, B,S.

GENERAL DESCRIPTIOH: Pressure-Fed Booster

DRAWING NUMBER:

DIMENSIONS : . | FULL-SCALE

Length ' 1799 In
Dia. Body" - 206 In.
Max. Dia. Flare ' 936.3 In.
Fineness Ratio ' 8.73
~ Area
Max. Crsss-Sectional (BOdY5 231 Ft? |
Planform : ===
Wetted 3 --=
Base (Flare) | : 4785 E:Z :

52

MODEL SCALE

10,792 In.
1.236 In.
5.618 In.

8.73



TABLE 3. (CONTINUED)

MODEL COMPONENT:  ijopy - Booster - B,

GENERAL DESCRIPTICN

SRM Booster

full-scele.

Blunt cone-cylinder. © cone = 20°, Mose radius = 16.67 in.

DRAWING NUMBER:

- DIMENSIQNS:

Length
Max. Width ]
Dia.
Max. Depth
Fineness Ratio
" Area
Max. Craiss-Sectional
Planform

Wetted

Base

53

L

137.8 ft

137.8 ft

FULL-SCALE

1775 _in.
156 in.
156 in.

s st e e

2

.

MODEL SCALE

10.633__in.
0.936 in.
0.936 in.

37

0,694 _in.%

S b

0.694 in.2




MODEL COMPONENT:

_TABLE 3. . (CONTINUED)

BODY - Booster - B,S

-GENERAL DESCRIPTION:

SRM Booste

r , B booster with 15° afterbody flare. HNose

radius = 16,67

in. full-scale.

DRAWING NUMBER:

DIMENSIONS :

Length

Dia. Body

Max. Dia. Flare

Fineness Ratio

Arca

Cross Sectional (Body)

Planform
Wetted

Base (Flare)

54

FULL-SCALE

1775 in.

__156 in.
275 in.

.37

e

137.8 £t

MODEL SCALE

10.633. _in.

0.936 in,



TABLE 3. (CONTINUED)

MODEL COMPONENT: BODY - Booster - B,

GENERAL DESCRIPTION: Parallel burn version of recoverabie pressure-fed

booster (RPFR). Blunt cone-cylinder with afterbody filare. € cone = 15°.

Nose radius - 22 in. full-scale. ©Flare = 15°

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE  MODEL SCALE
Length - 1800 _1in. lb.800__in*_

Dia. Body 206 in. 1.236 in.
Max. Dia. Flare 402 in. 2.412 in.
Fineness Ratic _8.74 8.74

"Area | L | o
Cross-Sectional (Body) 231 #2 1.200 in.°

Planform === m--
Wetted --- -
902t 4.545 in.°

Base (Flare)

55



TABLE 3. (CONTINUED)

MODEL COMPONENT: BODY - Booster - 84

' GENERAL DESCRIPTION: Parallel burh version of recovarable pressure-faod

booster (RPFB). Blunt cone-cylinder with afterbody flare. ©cone = 20°.

8 flare = 5°, Nose radius = 22 in. full scale.

DRAWING NUMBER:

DIMENSIONS : FULL-SCALE MCDEL SCALE

Length . 1503. in. 9,025 in.
Dia. Body 247. in. 1.483 1in.
Ma#. Dia. Flare _318 in. 1,909 in.
Fineness Ratio | 6.09 6.09
Area ,
Cross-Sectional (Body) 343 ft? 727 _in.2
Planform ' === ==
Wetted - — ==
Base (Flare) 568. ft’ 2,865 'in.2

56



TABLE 3. (CONTINUED)

MODEL COMPONENT: Fin, F,

GENERAL DESCRIPTION: Single fin mounted on each B, booster flare.

Ro]l-out-anqle is 45° down. Fin has no movable surface.

DRAWING NUMBER:

DIMENSIONS : FULL-SCALE ~  MODEL SCALE
Area (exposed planform, 1 fin) 503 ft° 2.610 in?
Span (equivalent, to booster § ) 424 in 2.544 in
Inb'd equivalent chord 410 in 2.460 in
Outb'd equivalent chord ~ _10dn 0.660 in

Ratio Elevator chord/horizontal
tail chord '

At Inb'd equiv. chord e -

At Qutb'd equiv. chord - ‘ - ——e
Sweep Back Angles, degrees ‘
Leading Edge ~ 45 85
Tailing Edge n 0
Hingeline ' : _— -

krea Moment (Norm&l to hinge line) ——— -——

57



'TABLE 3. (CONTINUED)

MODEL COMPONENT:  CODY - Booster, B.

GENERAL DESCRIPTIOHN: Pressure-Fed Booster

DRAWING NUMBER:

DIMENSIONS : FULL-SCALE
Lengtﬁ 1799 In.
Dia. Body. L 206 In.
ﬁaxt Dia. F]are - —;;ETS—E;T
Fineness Ratio _ 8.73
Area .
Max. Cress-Sectional (Body) 231 Ft2
Planform : ‘ ===
Wetted ’ -
Base (Flare) 57 Et?

58

MODEL SCALE

10.792 In.
1.236 In.
1.916 In.

8.73



TABLE 3. (CONTINUED)

MODEL COMPONENT: BODY - Booster, B5

GENERAL DESCRIPTION: SRM Bogster

DRAWING NUMBER

DIMENSION: FULL SCALE  MODEL SCALE
Length I 1613 in. 9.673 in,
Dia. (Body) o 156 in. 0.936_1in
Mox Depth - 156 _in. 0,936 in,
Fineness Ratio - 10.35 10.35 ) _
Area ' .
" Max Cross-Sectional . 137.8 ftz' _ '0.594 ‘i,nz
Planform ‘ e ——
Wetted - ' === B ' =
Base {Nozzle) : - 95,4 f"‘!:2 0.481 inz

29



TABLE 3. (CONTINUED)

MODEL COMPONENT:  CODY - Booster, B}

GENERAL DESCRIPTIOHN: 120" Dia. SRM

DRAWING MUIBER:

DIMENSIONS : ' _ FULL-SCALE
Length _ 1403 In:
Dia. Body'. - 120 _In.

Max. Dia: Flare ' | -

Finenass Ratio : 1n.7
Area -
Max. Crcss-Sectional (Body) 79.3 Ft?
Planform o ) -
Wetted ' -
Base . . 79.3 Ft?

60

MODEL SCALE

0.408 In.2

0.408 In.2



TABLE 3. (LONCLUDED)

MODEL COMPONENT:  LODY - TVC Tank Al for B?

GENERAL DESCRIPTION: Thrust Vectoring Fuel Tank

DRAWING NUMBER:

DIMENSIONS : . FULL-SCALE
Length | : _381.8 In..
Dia. B&dyh - | 42 In
Max.. Dia.iFlére | ' -
Fineness Ratio | : 9.08
Area o | ': |
Max. Cross-Sectional (Body)  9.65 Ft?
Planform . | ===
Wetted 2 -

Base S -

61

MODEL SCALE



TABLE L.

Plume Definition

M=1.5
El Eﬁ 0] (3 Eng. -HiPc)
o ® 187 in. re = 66 in. ra = 2.5 in.
x/re r/re x/]"e r/i"e X/T‘e ri']ae
0 1.00 0 1.00 0 1.0
0.5 1.17 0.5 1.23 0.5 1.0
1.0 1.22 1.0 1.48 1.0 1.0
1.5 1.22 1.5 1.70 1.5 1.0
2.0 1.20 2.0 1.88 2.0 1.0
2.5 2.00
3.0 2.1
M=2.2
:B_§__ 0] (3 Eng.-HiPc)
re = 66 in. re = 118 in.
x/ur-e t~/\r~e xllr‘e r‘/\‘e
0 1.00 0 1.00
0.5 1.33 0.5 1.1
1.0 1.62 1.0 1.20
1.5 1.88 1.5 1.26
2.0 2.13 2.0 1.33
2.5 2.33 2.0 1.41
3.0 2.51 3.0 1.47
4.0 2.84 4.0 1.57
5.0 3.12 5.0 1.62
6.0 3.3 6.0 1.65
7.0 3.55 7.0 1.66
8.0 3.72 8.0 1.64
9.0 3.87
10.0 3.97
11.0 4,03
12.0 4.11
13.0 4.15
14.0 4.17

62



re = 89 in,

01 (4 Fng.-J28)

M= 2.5

TABLE 4, cont.

re = 187 in.
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FIGURE

1.

10.

11.

12.
13.
1k,
15.
16.
17,
18.

19.

TABLE 5.
INDEX OF MODEL FIGURES

Axis System

Photograph of Configuration (01 )TLBT7A1-4
Photograph of Conflguration (Ol)ThBTAl-S
General Arrangement-Ascent Configuration O1TLBLl

General Arrangement-Ascent Configuration with
Booster Bl or BS

General Arrangement-Ascent Configuration with
Booster B2 or B2S

General Arrangement-Ascent Conflguration with
Booster B3

General Arrangement-Ascent Configuration with
Booster Bk

General Arrangement-Ascent Configuration
OLT4BT-4 (Side View)

General Arrangement-Ascent Configuration
OLT4BT-4 (Top View)

General Arrangement-Ascent Configuration
OLTLB7-4 (Rear View)

Centerline HO Tank Locations

Moment Transfer Diagram for Ascent Configuration
Moment Transfer Diagram for Orbiter Alone

Moment Transfer Diagram for Centerline Tank Alone
Moment Transfer Diagram for Bl Booster Alone

Moment Transfer Diagram for'B2 and B2S Boosters Alone
Moment Transfer Diagram for B3 Booster Alone

Moment Transfer Diagram for B4 Booster Alone

6k

87
88
89
90
91

92

93

9L

95

96

ot

98

99
100
101
102
103
10k

105
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Tunnel Installation for the OBT Configuration-
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TABLE 6. INDEX OF DATA FIGURES

PLOTTED
COEFFICIENTS CONDITIONS VOLUME/
TITLE SCHEDULE VARYING PAGE NO.
Longitudinal Effects of a Bl Booster on (01 )T1BL A Ascent Configuration I/1-50
at Beta = O Booster Isolation
Longitudinal Effects of a Bl Booster on (01 )T1Bl A Ascent Configuration H\mwumo
at Beta = 6 Booster Isolation
Lateral-Directional Effects of a Bl Booster on (01)T1BL B Ascent Configuration H\mwuwm
at Beta = 0 Booster Isclation
Iateral-Directional Effects of a Bl Booster on (Ol )T1Bl B Ascent Configuration I/96-10k
at Beta = 6 Booster Isolation
Iateral-Directional Effects of a Bl Booster on (01 )T1BL D Ascent Configuration H\HOmuHHO
with Beta at Alpha = O Booster Isolation
Longitudinal Effects of a Bl Booster on (Ol)TLBL E Ascent Configuration I/111-120
with Beta at Alpha = 0 Booster Isolation
Effect of Beta on Iongltudinal Characteristics of O1T1Bl A Beta I/121-180
Effect of Beta on Lateral-Directional Characteristics B Bets I/181-198
of O1T1BL
Iateral-~Directional Characteristics of Configuration C H\H@@:MH@
O1T1Rl with Beta at Alpha = O
Aileron Effectiveness of Configuration (01 )T1Bl at Beta = O B Aileron Deflection 1/219-236
Aileron Effectiveness of Configuration O1T1iBl at Beta = O B Aileron Deflection H\mwﬂumww
Variation of Aileron Control at Alpha = O with Beta C Aileron Deflection H\mro-m:w
of O1T1Bl
Longitudinal Effects of a B2 Booster on (Ol )T1B2 LA Ascent Configuration I/2h4-303

at Beta = 6 ) . Booster Isolation .
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TABLE 6. (CONTINUED)

PLOTTED
COEFFICIENTS CONDITIONS VOLUME/
TITLE SCHEDULE VARYING PAGE NO,
ﬁmdmwmwuuwwmo¢wosmw Effects of a B2 Booster on B Ascent Configuration H\woruwow
(01)T1B2 at Beta = 6 Booster Isolation
M&mmo& of Beta on Longitudinal Characteristics of O1T1B2 A Beta H\wHo|wmm
Effect of Beta on Lateral-Directional Characteristics B Beta I/370-387
of OLT1B2
Effect of Beta on ILongitudinal Characteristics of OLTLB2S A Beta 1/388-LUT
Effect of Beta on Lateral-Directional Characteristics B Beta I/448-465
of O1T1B2S
Longitudinal Effects of a B3 Booster on (Ol )T1B3 A Ascent Configuration I/466-525
at Beta = 0 Booster Isolation
Longitudinal Effects of a B3 Booster on (Ol)T1B3 A Ascent Configuration I/526-545
at Beta = 6 Booster Isolation
Lateral-Directional Effects of a B3 Booster on (Ol )T1B3 B Ascent Configuration I/546-557
at Beta = 0 Booster Isolation
ILateral-Directional Effects of a B3 Booster on (01)T1B3 B Ascent Configuration 1/558-563
at Beta = 6 Booster Isolation
Iateral-Directional Effects of a B3 Booster on (Ol )T1B3 D Ascent Configuration 1/564-569
with Beta at Alpha = 0 Booster Isolation
Longitudinal mwwmndm of a B3 Booster on AOHVHHWw with E Ascent Configuration I/570-579

Beta at Alpha =

Booster Isolation
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TABLE 6.

( CONTINUED )

TITLE

PLOTTED

COEFFICIENTS

SCHEDULE

CONDITIONS
VARYING

VOLUME/
PAGE NO.

Longitudinal Effects of a B4 Booster on (O1L)T1BL at
Beta = 0

Longitudinal Effects of a B4 Booster on (O1l)TLB4 at
Beta = 6

Lateral-Directional Effects of a B4 Booster on (01 )T1B4
at Beta = 0

Iateral-Directional Effects of a B4 Booster on (01 )T1BkL
at Beta = 6

lateral-Directional Effects of a B4 Booster on (OL)T1Bk4
with Beta at Alpha = 0O

Longitudinal Effects of a B4 Booster on (OL)T1BL with
Beta at Alpha = 0O

Longitudinal Effects of a BS Booster on (OLl)TLB5 at
Beta = 6

Lateral-Directional Effects of a B5 Booster on (01)T1B5
at Beta = 6

Longitudinal Effects of a BS Booster on (OlV1)T1BS5 at
Beta = 0

Longitudinal Effects of a BS Booster on (OLV1)T1B5 at
Beta = 6

Lateral-Directional Effects of a BS Booster on (OlV1)T1B5
at Beta = 0

Lateral-Directional Effects of a BS Booster on (0LV1)T1BS
at Beta = 6

Iateral-Directional Effects of a B5 Booster on (O1lV1)T1BS
with Beta at Alpha = O

A

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

Ascent Configuration
Booster Isolation

1/580-639
I/6%0-659
1/660-67h
1/675-680
1/681-689
1/650-T0k
1/705-72h
I/725-730
I/731-790
I/791-800
1/801-812
1/813-815

1/816-82k
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TABLE 6. (CONTINUED)

of Configuration (OLlV1)T1B5 at Alpha = O

PLOTTED

: COEFFICIENTS CONDITIONS VOLUME/ .

TITLE SCHEDULE - VARYING PAGE NQ,

Longitudinal Effects of a B5 Booster on (01lV1)T1B5 E Ascent Configuration  I/825-839

with Beta at Alpha = O Booster Isolation

Iongitudinal Characteristics of (Ol)T1B6 at Beta = O A Mach No. 1/840-849

Iateral-Directional Characteristics of (01)T1B6 at c Mach No. 1/850-853
Alpha = 0O .

Longitudinal Characteristics of (OLl)T1B6 with A Mach No. 1/854-863
Ailerons = 20 at Beta = O

Iateral-Directional Characteristics of (01)T1B6 with B Mach No. 1/864-866
Ailerons = 20 at Beta = O

Lateral-Directional Characteristics of (01)T1B6 with D Mach No. 1/867-869
Ailerons = 20 at Alpha = O

Longitudinal Characteristics of (O1)TLB6 with Ailerons = 20 E Mach No. 1/870-87k
at Alpha = 0

Tank Nose Cone Effect on Longitudinal Characteristics of A Configuration H\mﬂmuwo:
Configuration (01)T1Bl at Beta = O

Longitudinal Effects of a BL Booster on (OL)T2BL at A Ascent Configuration 1/905-914
Beta = 6 Booster Isolation

Iateral-Directional Effects of a Bl Booster on (Ol )T2Bl B Ascent Configuration I/915-917
at Beta = 6 Booster Isolation

Tank Nose Cone Effect on Longitudinal Characteristics of A Configuration H\@Hmnwrﬂ.
Configuration (OlV1)T1B5 at Beta = O

Tank Nose Cone Effect on Lateral-Directional osmHmOdewdeom C Configuration H\@:@-@mw

T1



with Beta at Alpha = 0

Booster Isolation

TABLE 6. (CONTINUED)
PLOTTED
COEFFICIENTS CONDITIONS VOLUME/ .
TITLE SCHEDULE VARYING PAGE NO,
Effect of Tank T2 Longltudinal Position on (Ol)T2Bl A Configuration 1/960-989
at Beta = 0
Longitudinal Effects of a Bl Booster on (01 )T2ABL at A Ascent Configuration H\wwonmww
Beta = 6 Booster Isolation
Iateral-Directional Effects of a Bl Booster on (Ol )T2ABL B Ascent Configuration H\HOOOnHoom
at Beta = 6 Booster Isolation
Effect of Tank T2 Longitudinal Position on (OlV1 )T2B5 A Configuration H\Hoowuwowm
at Beta = 0O
Effect of Tank T2 Iongitudinal Position on (OLlV1)T2B5 A Configuration I/1033-1062
at Beta = O
Effect of Tank T2 Longitudinal Position on (01V1 )T2B5 C Configuration 1/1063-107h
with Beta at Alpha = O
~ Effect of Tank T2 Iongitudinal Position on C Configuration H\HONm-Homm
(O1v1)T2B5 with Beta at Alpha = O
Longitudinal Effects of a Bl Booster on (Ol)T3BL at A Ascent Configuration HH\Huro
Beta = 0 Booster Isolation
Longitudinal Effects of a Bl Booster on (OLl)T3Bl at A Ascent Configuration 11/41-60
Beta = 6 Booster Isolation
Lateral-Directional Effects of a Bl Booster on (01 )T3Bl B Ascent Configuration II/61-72
at Beta = O Booster Isolation
Iateral-Directional Effects of a Bl Booster on (Ol )T3BL B Ascent Configuration 1I/73-78
at Beta = 6 Booster Isolation
Tateral-Directional Effects of a Bl Booster on (01)T3BL D Ascent Configuration II/79-8k
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TABLE 6. (CONTINUED)
PIOTTED
COEFFICIENTS CONDITIONS VOLUME .
TTTLE SCHEDULE VARYING PAGE NO,
Longitudinal Effects of a Bl Booster on (OL)T3Bl E Ascent Configuration I1/85-99
with Beta at Alpha = 0 Booster Isolation
Longitudinal Effects of a B2 Booster on (01 )T3B2 A Ascent Configuration II/100-139
at Beta = 0 Booster Isolation
Lateral-Directional Effects of a B2 Booster on (01l )T3B2 B Ascent Configuration HH\Hrolme
at Beta = 0 Booster Isolation
Iateral-Directional Effects of a B2 Booster on (Ol )T3B2 C Ascent Configuration HH\HmmuHmﬂ
with Beta at Alpha = 0 Booster Isolation
Longitudinal Effects of a B2 Booster on (01)T3B2 with E Ascent Configuration HH\Hmm-Hmﬂ
= Beta at Alpha = 0 Booster Isolation
Longitudinal Characteristics of Configuration O1lT3B2 A HH\Hmmnwﬂq
at Beta = 0
Longitudinal Characteristics of Configuration 01T3B2 A Mach No. I1/178-187
at Beta = 6
Iateral-Directional Characteristics of Configuration B Mach No. HH\Hmmuwwo
OLT3B2 at Beta = 6
Iongitudinal Effects of a B3 Booster on Aowvewww A Ascent Configuration HH\H@Humwo
at Beta = 0 Booster Isolation
Longitudinal Effects of a B3 Booster on Aowvewww A Ascent Configuration II/231-240
at Beta = 6 Booster Isolation
Iateral-Directional Effects of a B3 Booster on Aowvewww B Ascent Configuration HH\mrwnmmm
at Beta = 0 Booster Isolation
Lateral-Directional Effects of a B3 Booster on (O0L)T3B3 B Ascent Configuration 11/253-255

at Beta = 6

Booster Isolation
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TABLE 6. (CONTINUED)
PLOTTED
COEFFICIENTS CONDITIONS <OHCZM\

TITLE SCHEDULE VARYING PAGE NO,

Iateral-Directional Effects of a B3 Booster on (Ol)T3B3 D Ascent Configuration I1/256-261
with Beta at Alpha = O Booster Isolation

Longitudinal Effects of a B3 Booster on (01 )T3B3 with E Ascent Configuration 1I/262-271
Beta at Alpha = O Booster Isolation

B3 Boosters Contribution to Longitudinal Characteristics A Configuration HH\mﬂmnwmw
of (01)T3B3 at Beta = 0 }

B3 Boosters Contribution to Lateral-Directional C Configuration HH\wmm|www
Characteristics of (01)T3B3 at Alpha = O

Effect of Beta on Longitudinal Characteristics of O1T3BL4 A Beta II/334-394

Effect of Beta on Iateral-Directional Characteristics B Beta II/394-k411
of O1T3Bk

lateral-Directional Characteristics of O1T3B4 with c Alpha IT/412-435
Beta at Alpha = O and 6

Iateral-Directional Characteristics of Configuration c IT/436-439
(01)T3B4 with Beta at Alpha = O :

Aileron Effectiveness of Configuration O1T3B4 at Beta = O B Alleron Deflection II/4ho-457

Aileron Effectiveness of Configuration (Ol )T3B4 at B Aileron Deflection II/458-460
Beta = 0

Effects of Alpha on Rudder Effectiveness of Configuration B Rudder Deflection IT/461-478
O1T3B4 at Beta = O

Effects of Alpha on Rudder Effectiveness of Configuration B Rudder Deflection II/479-481
(01)T3B4 at Beta = O

Effect of Booster Fin F4 on Longitudinal Characteristics A Configuration IT/482-541

of OLT3BY at Beta = O

Th



TABLE 6. (CONTINUED) .
PLOTTED A
COEFFICIENTS CONDITIONS VOLUME/

TITLE SCHEDULE VARYING PAGE NO.

Effect of Booster Fin F4 on Longitudinal Characteristics A Configuration II/542-551
‘of (OL)T3B4 at Beta = O _ :

Effect of Booster Fin F4 on Longitudinal Characteristics A Configuration HH\mmmumHH
of (01)T3B4 at Beta = 6

Effect of Booster Fin Fi on Lateral-Directional B Configuration II/612-629
Characteristics of (OL)T3B4 at Beta = 6

Longitudinal Effects of a B5 Booster on (01V1)T3B5 A Ascent Configuration IT/630-669
at Beta = 0 Booster Isolation

Longitudinal Effects of a B5 Booster on (0lV1)T3B5 A Ascent Configuration 1I/670-6T79
at Beta = 6 Booster Isolation

Lateral-Directional Effects of a BS Booster on (O1Vl)T3B5 B Ascent Configuration 1I/680-691
at Beta = 0 Booster Isolation

Lateral-Directional Effects of a BS5 Booster on (O1V1)T3BS B Ascent Configuration II/692-694
at Beta = 6 Booster Isolation

Lateral-Directional Effects of a BS Booster on (OlV1)T3B5 D Ascent Configuration IT/695-T00
with Beta at Alpha = 0 _ Booster Isolation

Iongitudinal Effects of a B5 Booster on (0lV1)T3B5 with E Ascent Configuration II/701-T710
Beta at Alpha = 0 Booster Isolation

Effects of Beta on Longitudinal Characteristics of A Beta I1I/1-60
(o1 )ThBTAL-k

Effects of Beta on Lateral-Directional Characteristics B Bets III/61-78

of (O1)T4BTAL-k4
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TABLE 6. (CONTINUED)
PLOTTED
COEFFICIENTS CONDITIONS <owGZM\

TITLE SCHEDULE VARYING PAGE NO,

Longitudinal Characteristics of Configuration A Mach No. 111/79-88
OLT4BTAL-4 at Beta = 0

Lateral-Directional Characteristics of Configuration C Mach No. 111/89-92
OLT4BTAL-4 at Alpha = O

Aileron Effectiveness of Configuration (Ol )T4B7A1-4 B Aileron Deflection III/93-110
at Beta = 0

Alleron Effectiveness of Configuration (O1)T4B7AL-U4 at B Aileron Deflection III/111-128
Beta = 6

Effects of Beta on Aileron Control of Configuration C Aileron Deflection HHH\HM@-Hmm
(01 )T4BTAL-b4 at Alpha = O

Effects of Aileron on Longitudinal Characteristics of A Aileron Deflection HHH\Hmwnmwm
Configuration (Ol )TUBTAl-4 at Beta = 6

Effects of Alpha on Rudder Control of Configuration B Rudder Deflection HHH\mwwumwo
(OL)T4BTAL-4 at Beta = O

Rudder Effectiveness of Configuration (Ol )TUBTAL-k4 c Rudder Deflection III/231-25k4
at Alpha = 0O

Effects of Beta on Lateral-Directional Characteristics B Beta HHH\mmmnmﬂm
of (01)T4B7ALl-4 with Rudder = 10

Effects of Al on Longitudinal Characteristics of A Configuration HHH\Mﬂwuwom
(01)T4BTAL-4 at Beta = 0

Effects of Al on Lateral-Directional Characteristics o] Configuration IIT/303-31k
of (O1)T4BTA1-4 at Alpha = O

Effects of Fin Fl on Longitudinal Characteristics of A Configuration HHH\me-wwr

Configuration OLTUBTAl-4 at Beta = O
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TABLE 6. (CONTINUED)

PLOTTED : _
COEFFICIENTS CONDITIONS VOLUME/

TITLE SCHEDULE VARYING PAGE NO.

Effects of Fin F1 on Lateral-Directional Characteristics C Configuration HHH\wwmnwrm
on Configuration O1T4BTAl-4 at Alpha = O

Effects of Fin F1 on Longitudinal Characteristics of A Configuration HHH\wrwnrom
Configuration TUBTAl-L at Beta = 0 :

Effects of Fin Fl on lateral-Directional Characteristics C Configuration III/403-426
on Configuration TUBTAL-4 at Alpha = O

Effects of BTAl-4 on Longitudinal Characteristics A Configuration HHH\rm4|:mm
of Configuration (01 )I4BTALl-L4 at Beta = 0

Effects of BTAl-4 on Iateral-Directional Characteristics C Configuration HHH\erumHo
of Configuration (OLl)T4BTA-1 at Alpha = O

oosbmwwmou of the Longitudinal Characteristics of A Configuration HHH\mwwumﬂo
(01)ThBTAL-4 and (OL)TLBTAL-5 at Beta = O

Comparison of the Lateral-Directional Characteristics B Configuration HHH\mﬂH-mmm
of (O1)T4BTA1-4 and (O1)T4BTA1-5 at Beta = 6

Comparison of the Lateral-Directional Characteristics of C Configuration HHH\mmwumHm
(01)ThB7A1-4 and (OL)TLBTAL-5 at Alpha = O

Effects of Beta on Longitudinal Characteristics of A Beta HHH\meumﬂm
(01)ThBTAL-5 :

Effects of Beta on Lateral=Directional Characteristics of B Beta IIT/673-690
(O1)TLBTAL-5

Iongitudinal Effect of Exhaust Plumes on Configuration A Plume H<\ 1-20
O1T1Bl at Beta = O

Longitudinal Effect of Exhaust Plumes on Configuration A Plume IV/21-30

OLT1Bl at Beta = 6
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TABLE 6. (CONTINUED)

PLOTTED
COEFFICIENTS CONDITI ONS VOLUME/

TITLE SCHEDULE VARYING PAGE NO.

Lateral-Directional Effect of Exhaust Plumes on B Plume H<\wwuww
Configuration O1T1Bl at Beta = 6

Longitudinal Effect of M = 1.5 Exhaust Plumes on A Plume Iv/34-53
Configuration O1T1Bl at Beta = O

ILateral-Directional Effect of M=1.5 Exhaust Plumes on c Plume 1Vv/54-61
Configuration OIT1Bl at Alpha = 0

Effect of Exhaust Plumes on Aileron Effectiveness of B Plume Iv/62-6k
Configuration OlT1Bl on Beta = O

Effects of M=1.5 Exhaust Plumes on Aileron Effectiveness B Plume and H<\mmuﬂo
of Configuration OlTL1Bl at Beta = 0 Aileron Deflection

Variation of Aileron Control at Alpha = O with Beta and C Plume and H<\4H-4m
M=1.5 Exhaust Plumes OlT1Bl Aileron Deflection

Varlation of Rudder Control at Beta = O with Alpha and B Plume and H<\ﬂmnmr
M=1.5 Exhaust Plumes OlT1Bl Rudder Deflection

Effects of M=1.5 Exhaust Plumes on Rudder Effectiveness C Plume and H<\mm-wm
with Beta at Alpha = O of O1T1Bl Rudder Deflection

Tateral-Directional Characteristics of Configuration
O1T1Bl + Plume(2.5) with Deflected Rudder at Beta = O B 1V/93-95

Longitudinal Characteristics of Configuration A H<\mm|H0m
O1T1B1+Plume(2.5) with Deflected Rudder at Beta = O

Longitudinal Effect of Mach No.=1.5 Exhaust Plumes on A Plume H<\Hom|HHm

Configuration OLT3B6 at Beta = O
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TABLE 6. (CONTINUED)
PLOTTED s :
COEFFICIENTS CONDITIONS <ouGZM\
TITLE SCHEDULE VARYING PAGE NO,
Longitudinal Effect of Mach No=2.2 Exhaust Plumes on A Plume IV/116-125
Configuration O1T3B6 at Beta = O
Lateral-Directional Effect of Mach No.=l.5 Exhaust Plumes C Plume .H<\Hmmnwmw
on Configuration O1T3B6 at Alpha = O
bm&m&mw Directional Effect of Mach ZOIN 2 mxwmcmd Plumes C Plume .H<\Hwo|www
on Configuration O1T3B6 at Alpha =
Effects of M=l.5 Exhaust Plumes on Aileron Effectiveness B Plume and H<\eruwwm
of Configuration O1T3B6 at Beta = O Aileron Deflection
Effects of M=2.2 Exhaust Plumes on Aileron Effectiveness B Plume and H<\Hwﬂnme
of Configuration O1T3B6 at Beta = O Aileron Deflection
Variation of Aileron Control at Alpha = O with Beta and C Plume and .H<\H:O»Hrw
M=1.5 Exhaust Plumes O1T3B6 Aileron Deflection
Variation of Aileron Control at Alpha = O with Beta and C Plume and H<\Hrrnwrﬂ
M=2,2 Exhaust Plumes O1T3B6 Aileron Deflection
Variation of Rudder Control at Beta = O with Alpha and B Plume and H<\Hrmuwmo
M=1.5 Exhaust Plumes 01T3B6 Rudder Deflection
Effects of M=1l.5 Exhaust Plumes on Rudder Effectiveness C Plume and H<\HmH-Hmr
with Beta at Alpha = O of OLT3B6 Rudder Deflection
Variation of Rudder Control at Beta = O with Alpha and B Plume and H<\Hmmuwmﬂ
=2.2 Exhaust Plumes OlT3B6 Rudder Deflection
Effects of M=2.2 Exhaust Plumes on Rudder Effectiveness C Plume and H<\Hmm|HmH
with Beta at Alpha = O of OlT3B6 Rudder Deflection
Longitudinal Effect of M=1l.5 Exhaust Plumes on Configu- A Plume h<\Hmnuh_

ration O1T4BTAL-4 at Beta = O
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TABLE 6. (CONTINUED)
PLOTTED
COEFFICIENTS CONDITIONS VOLUME/

TITLE SCHEDULE VARYING PAGE NO.

Longitudinal Effect of M=2.2 Exhaust Plumes on A Plume IV/172-181
Configuration O1TLBTAl-U4 at Beta = O

Lateral-Directional Effects of M=l.5 Exhaust Plumes on C Plume H<\Hmmnwmm
Configuration OLT4BTAl-4 at Alpha = O

Lateral-Directional Effects of M=2.2 Exhaust Plumes on C Plume IV/186-189
Configuration O1T4BTAL-4 at Alpha = 0

Aileron Effectiveness of Configuration OLTUBTAl-4+Plume(1l.5) B Aileron Deflection IV/190-192
at Beta = 0

Aileron Effectiveness of Configuration O1T4BTAL-4+Plume(2.2) B Aileron Deflection IV/193-195
at Beta = 0

Effects of Beta on Aileron Control of Configuration C Aileron Deflection IV/196-199
OLTUBTAL-4+Plume(1.5) at Alpha = O

Effects of Beta on Aileron Control of Configuration C Aileron Deflection H<\moo|mow
O1T4BTAL-L+Plume(2.2) at Alpha = O

Rudder Effectiveness of Configuration OLTUBTAL-L+Plume(1.5) c Rudder Deflection IV/20k4-207
at Alpha = 0

Rudder Effectiveness of Configuration O1T4B7Al-L+Plume(2.2) c Rudder Deflection Iv/208-211
at Alpha = O

Effects of Alpha on Rudder Control of Configuration B Rudder Deflection H<\MHm|MH:
OLT4BTAL -4+Plume(1.5) at Beta = 0

Effects of Alpha on Rudder Control of Configuration B Rudder Deflection H<\mHm|qu

O1TUBTAL-4+Plume(2.2) at Beta = O
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(01)T1 at Alpha = O

TABLE 6. (CONTINUED)
PLOTTED _ ,

_ COEFFICIENTS CONDITIONS VOLUME/
TITLE SCHEDULE VARYING PAGE NO.
Longitudinal Effects of M=l.5 Exhaust Plumes on A Plume IV/218-227

Configuration O1V1T4BTAl-4 at Beta = O :
Lateral-Directional Effects of M=l.5 Exhaust Plumes C Plume IV/228-231
on Configuration O1V1T4BTA1-4 at Alpha = O

Longitudinal Effects of M=2.2 Exhaust Plumes on A Plume IV/232-241
Configuration O1VLT4BTAl-4 at Beta = 0

Lateral-Directional Effects of M=2.2 Exhaust Plumes on [ Plume IV/2k2-245
Configuration O1V1T4BTAl-L at Alpha = O

Effects of M=l.5 Exhaust Plumes on Rudder Effectiveness C Plume,Rudder Deflection, IV/246-253
with and without Rudder Flare Rudder Flare

"Effects of M=2.2 Exhaust Plumes on Rudder Effectiveness c Plume,Rudder Deflection, IV/254-261
with and without Rudder Flare Rudder Flare
Variation of Rudder Control with and Without Rudder A Plume,Rudder Deflection, H<\mmm|mmH
Flare and M=1.5 Exhaust Plume Rudder Flare

Variation of Rudder Control with and without Rudder A Plume,Rudder Deflection, IV/282-301
Flare and M=2,2 Exhaust Plunme Rudder Flare

Effects of Beta = 6 on Longitudinal Characteristics of A Beta H<\wom-wMH
Configuration (01)T1

Effects of Beta = 6 on Lateral-Directional Characteristics B Beta H<\wmm-wm4

of Configuration (01)T1

Lateral-Directional Characteristics of V1 and V2 on (OL)T1 D Configuration IV/328-336

at Alpha = 0 :

Longitudinal Characteristics Comparison of V1 and V2 on E Configuration H<\ww4|wmw
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TABLE 6. (CONTINUED)

PLOTTED
COEFFICIENTS CONDITIONS VOLUME/

TITLE SCHEDULE VARYING PAGE NO,

Aileron Effectiveness of Configuration (OlV1)T1 at B Aileron Deflection IVv/352-360
Beta = O

Effects of Beta on Alleron Effectiveness of D Aileron Deflection IV/361-369
Configuration (OlV1)T1 at Alpha = O

Longitudinal Characteristics of (OlV1)TL with Ailerons=20 A Mach No. IV/370-379
at Beta = 0

Lateral-Directional Characteristics of (OlVL)T1 with B Mach No. 1v/380-382
Ailerons = 20 at Beta = 0

Lateral-Directional Characteristics of (OlV1)T1 with D Mach No. IV/383-385
Ailerons = 20 at Alpha = O

Longitudinal Characteristics of (OLV1)TL with Ailerons=20 E Mach No. 1V/386-390
at Alpha = 0O .

Rudder Effectiveness of Configuration (0lV1 )Tl at c Rudder Deflection Iv/391-k02
Alpha = O

Effects of Alpha on Rudder Effectiveness of Configuration B Rudder Deflection H<\row|:HH
(01V1)TL at Beta = O

Effect of Tank T2 Longitudinal Position on (01)T2 at Beta=0 A Configuration Iv/b12-431

Effect of Tank T2 Longitudinal Position on (O1l)T2 with C Configuration Iv/432-439
Beta at Alpha = O

Iongitudinal Characteristics of Various Boosters on A Configuration Tv/44o-L49
Configuration (OLl)T2 at Beta = 6

Lateral-Directional Characteristics of Various Boosters B Configuration Iv/L50-452

on Configuration (01)T2 at Beta = 6
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TABLE 6. (CONTINUED)

PLOTTED o
COEFFICIENTS CONDITIONS <owczm\

TITLE SCHEDULE VARYING . PAGE NO,

Effects of Beta = 6 on Longltudinal Characteristics A " Beta .~ IV/W53-k72
of Configuration (01)T3

Effects of Beta = 6 on Lateral-Directional Characteristics B Beta , H<\:ﬂwurqm
of Configuration (O1)T3 A

Effects of Beta on Longitudinal Characteristics of (OL)Tk A Beta Iv/479-488

Effects of Beta on lateral-Directional Characteristics B Beta : H<\rmmurww
of (01)Th

longitudinal Characteristics of Configuration T1B5 at A Mach No. TV/492-501
Beta = 0

lLateral-Directional Characteristics of Configuration C . Mach No. - 1V/502-505
T1B5 at Alpha = O

Longitudinal Characteristics of Configuration T1BS at A " Mach No, ) .H<\mom|mwm
Beta = 0 .

Lateral-Directional Characteristics of Configuration c Mach No. Hd\mpm|mww
T1B5 at Alpha = O _

Longitudinal Characteristics of Configuration T3B2 at A Mach No. . H<\mmo-mmw
Beta = 0

Lateral-Directional Characteristics of Configuration C Mach No. H<\mwo|mww
T3B2 at Alpha = 0O

Iongitudinal Characteristics of Configuration T3B5 - A Mach No. H<\mwr-m:w
at Beta = 0 _

Lateral-Directional Characteristics of Configuration C Mach No. IV/5hk-54T

T3B5 at Alpha = O
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TABLE 6. (CONTINUED)

PLOTTED
COEFFICIENTS CONDITIONS <OHGZM\
TITLE SCHEDULE VARYING PAGE NO,.
Effects of Beta on Longitudinal Characteristics of Ol A Beta V/1-60
Effects of Beta on Lateral-Directional Characteristics B Beta <\mwnﬂm
of 01
Effects of Alpha on Rudder Effectiveness of Configuration B Rudder Deflection <\4w-mo
Ol at Beta = 0O
EBffects of Alpha on Rudder Effectiveness of Configuration B Rudder Deflection <\@H|ww
0lvli
Effects of Beta on Longitudinal Characterlstics of O0lVl A Beta <\®ruwmw
Effects of Beta on Lateral-Directional Characteristics B Beta v/12h-132
of 01Vl
Effects of Beta on Longitudinal Characteristics V Off A Beta <\waowmm
Effects of Beta on Lateral-Directional Characteristics B Beta <\Hmw|H4H
of 01 V Off
Effects of Beta on Lateral-Directional Characteristics B Beta V/172-186
of O1C1
Effects of Beta on Lateral-Directional Characteristics B Beta v/187-201
of O1C1
Longitudinal Characteristics of Various Tanks at Beta = O A Configuration V/202-261
Longitudinal Characteristics of Various Boosters Alone A Configuration <\mmm-w0H

at Beta = 0 and Nominal MRC
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TABLE 6. (CONTINUED)
PLOTTED

. COEFFICIENTS CONDITIONS VOLUME/ -

TITLE SCHEDULE VARYING PAGE NO.

Longitudinal Characteristics of Various Boosters Alone A Configurstion V/302-3k41
at Beta = 0 and Tank 1 MRC

Longitudinal Characteristics of Various Boosters Alone at A .oouwwmswmﬁwou <\wrm|wmw
Beta = 0 and Tank 3 MRC

Lateral-Directional Characteristics of Various Boosters B Configuration <\wmm|wmw
Alone at Beta = 0 and Tank 1 MRC . :

Lateral-Directional Characteristics of Various Boosters B Configuration <\wwrnr0m
Alone at Beta = O and Tank 3 MRC

Lateral-Directional Characteristics of Various Boosters o Configuration v/h06-421
Alone at Alpha = O and Nominal MRC . .

Lateral-Directional Characteristics of Various Boosters c Configuration v/h22-437
Alone at Alpha = 0 and Tank 1 MRC

Lateral-Directional Characteristics of Various Boosters C Configuration .<\rwmlrmw
Alone at Alpha = O and Tank 3 MRC

Comparison of Longitudinal Characteristics of Booster A Configuration v/hs5k-523
Bl with Larger Aft Flares S

Comparison of Longitudinal Characteristics of Booster A Flap Deflection V/524-583
Bl with Flaps D2 at Various Deflection

Comparison of Longitudinal Characteristics of Booster A Flap Deflection <\mmrumrw

Bl with Various Flaps




TABLE 6. (CONCLUDED)

PLOTTED COEFFICIENTS SCHEDULE:

(4)

(B)
(c)
(D)

(E)

CN, CA, CAF, CIM, CL & CDF vs.

CN

cY,

cY,

cY,

cN,

ALPHA

& CL vs. CIM, CL & CLSQR vs.

CIN & CBL vs. ALPHA

CYN, CBL. & CAF vs. BETA .

CIN, CBL vs. BETA

CAF, CIM, CL & CDF vs.

86

BETA

CDF



Notes: v

1. Positive directions of force coefficients
moment ccefficients, and angles are
indicated by arrows.

2. For clarity, origins of wind and stability
axes nave been displaced from the center
of gravity.

Cy Cn W
, o
) n: =z
”~
. d
! ”~ s

Figure 1. Axis m%mnmsw. showing direction mna sense
moment coefficients, angle of attack, and sideslip angle

of force amd

Ao -A3E C-MAF

g7



Figure 2. Photograph of Configuration (O1)TLB7A1-L4




Figure 3. Photograph of Configuration (01 )T4BTALl-5




BOOSTERS

CENTERLINE HO TANK

ORBITER ———— o LN\\\\\
R~ A — N
- —— ;

\\.‘.‘.‘.l\"ul..\'ll.‘ .

~SIDE

GENERAL ARRARGEMENT
(By» Ty» 0)

S H - = —— ASCENT CONFIGURATION

Figure 4, General . Arrangement-Ascent coswwmcumdwos 01%:B, -



;wd OR ww BOOSTER LCCATION

Figure 5. General Arrangement-Ascent Configuration
With Booster By ou‘wm

TANK
-+ b -
P DIMENSION TTAT2 T2
| _ g
A i 1.080 - 1,360 M
R | 1.560 1.628 W
¢ 1,282 1.3%0 '
—
(o)




wm AND wmm BOOSTERS LOCATICN

,
= “ m TRK |
4 —_ o S .” .
. i prrensIaN | TV & T2 T3 M
o D g /,__ — - : :
T : Lo . o
— N e A | 1080 i-f.522 |
» ~ WV Nt iB BRI EARNN N PR
L T .~ s I | 1072 oo |
' ] _ “
- 3
— Ik |
e |~ =
Ql
(o))
e
4
4.08 (T1).
" 4.20 wa ™
Loam A —
il — :\\\\Wﬂ”.,
" e - J
7 e I 3, (NO FLARE)
¢ . r \n I Am;omv.
; __l ) P
*\.1 . i B R w_\w\x\n 2
/ { /// ;.r.?
Figure 6. General bHH.w.bmmBdeubmomu& Configuration with Booster .wm or B2S




ww BOOSTER ‘LOCATION

-
"~ —
—l— T
e ———

Ped— OO~

Figure 7. General Arrangement-Ascent Configuration with Booster, By

TANK
— T T T~  femensin 1T g v T3
. . \ L\lﬂm - I H - «0..., -—
\\,\@ ‘ . A 0.682 | 0.962 |
— — [N - ——a — rl.hMllIJlll e e .
A/ B 1.560 1.628 |
- — T - C 1.282 1,340
/ .
&N .
T,
o
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B, BOOSTER LOCATION

Figure 8. General Arrangement-Ascent Configuration with @_oogmu B
A _.

TANK
DIMENSIWN | TY & T2 T3
A 0.640 0.757 .
B 1.685 1.753
c 1.091: | 1.001
=
(o)



“q

oRgiTER

sx

-57-5-00650.

Figure 9. General Arrangement-Ascent Configuration
OLTLBT-4 (Side View)
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Figure 10. General Arrangement-Ascent Configuration
. O1T4BT-4 (Top View)
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Figure 11,

General Arran
(Rear View
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ement-Ascent Configuration OLTLB7-Y




CENTERLINE HO TANK LOCATIONS

Orbiter Nose
X (200)
1.200

T Forward
Position
0.040 (Nominal)
— |, : — — —
0.720 B _—F~ W\\\.J *
..... Sty I _
f p " . .. e -
s P i |
- ././. \ “
IIIIIU.IAr . F /
_li —— e — —— D ........... L L. - O mbO
1142 (13) 0.528
- 11.205 (T1)
e e dm.._ww-ﬁ._.mv‘ N S e llL
A11 dimensions are model scale, in inches,
Orbiter stations are given in both full
scale and model scale dimensions. TANK A
T 6.485
T2 mm.pmm
T3 '6.71h

Figure 12, Centerline HO Tank Locations



(

400) ———T (374)~-

2.400

. . | MOMENT TRANSFER DIAGRAM

. © ASCENT CONFIGURATION
%w:omx
ORBITER MRC
NOSE X (1068)
X (200) 6.407
1.200 |
| .
| |
, §.207 — *

—ORBITER INCIDENCE, 3 1/2°

L w —— 3:3» 40

»az.Opmaqm MRC

[N
[6)}

2.244
\ | rmﬁ& “

_— t._ BOOSTER - TANK MRC
L A
_ _ I
he— 2,182 — e 3,082 — ]
ORBITER BOOSTER~TANK ORBITER
NOSE STA. MRC MRC STA. DIMENSION
TANK _ A
AR Q*smzm*oam are modeil scale, in ﬂso:mm qd 0.263
Orbiter stations are given in both full T2 0.288
scale and model scale dimensions, 13 0.357
. P ] B -

Figure 13. Moment Transfer Diagram for Ascent Configuration




MOMENT TRANSFER DIAGRAM
ORBITER ALONE

ORBITER ]
NOSE 0.600 ——~
X (200)
1,200 |
z (s04) 3924 |
. | . |
! : — Y.
9 — g i =
. 2.244 S 5200 - F H\_
| 1 e
4 F—swr g s
P ¥
IR | NP S
3 1/2°
. ORBITER
-~ BOOSTER - TANK MRC
MRC STA. X (1068)
6.507

A1l dimensfons are model scale, in inches
Orbiter stations are given in both full
scale and model scale dimensions.

Figure 14. Moment Transfer Diagram for Orbiter Alone

Z (400)
2.400
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MOMENT TRANSFER DIAGRAM
CENTERLINE TANK ALONE

MRC 2 |
(Yaw) — _
N
| A1
\ _ ToP
| R n.640 (T1, T2) ol
MRC 1 .  0.528 (13} Sl
(Pitch)— : i L
. ) i j _ ] 7
. _ , r o
— . ,
-  DIMENSION
VRC 2 - SIBE TANK A B
(Yaw) | | mn 0.288 h.ok3
| T2 0.288 L. oh3
13| 0.357 4572

A11 dimensions are model scale, in inches

Figure 15. Moment Transfer Diagram for Centerline Tank Alone




MRC 1

(Pitch) ™~

MOMENT 4x>zmmmx DIAGRAM
md Booster Alone

N

1.414

Figure 16. Moment Transfer Diagram for Bl Booster Alone

Qq
O
~
omsmsm*cm _

TANK | A B c
ad 1.664 1 0.238 3.222
qm 1.664 | 0.238 3.222
4» 1.732 | 0.297 3.502

Booster Alone
X = 4,386" From nose
Y=0
Z=290
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MOMENT TRANSFER DIAGRAM
wN and wmw Boosters Alone

Figure 17. Moment Transfer uHmmHmB for B2 & B2S

Boosters Alone

MRC 1 S |
(Pitch) ~
& T
A -1
Y 4 \
2 A‘_\r - mum.w - - - ERAEE E——
/r%n 2 e —
(Yaw) DIMENSION -
- TANK A B | €
—1.093— ¢ —> T 1.420 0.058 | 3.222
MRC 1 T, 1.420 0.058 | 3.222
/” (Pitch) T, 1.488 0.037 | 3.664
\ \\\\“ v
A waMW\w _— HWN*WW, — — - Booster Alcne
o~ B | ] X = 4.091" From nose
A T Y=0
e v Z=0
MRC 2_/"
(Yaw)



MOMENT TRANSFER DIAGRAM
ww Booster Alone

MRC 1
(Pitch) \\
/j
A
— - -0 — !»l\nh.u»& e e - ——
Z wL ﬂ
_ MRC 2 / DIMENS ION
(Yaw) TANK A 8 ¢
—{ 180 ~— ¢ — T 1.664 | ©c.238 | 2.824
MRC 1 T, 1.664 | 0.238 | 2.824
_ [ (Pitch) . T, - 1.732 | 0.297 | 3.104
Booster Alone %

MRC 2 l\\\

(Yaw)

Figure 18. Moment Transfer Diagram for B3 Booster

Alone

X
Y

4,386" From nose
0
O s

~
]

104



TRe T mmrmee B eSS e s Ay e famr b ey p e s skeres = e BT Sk

MOMENT TRANSFER DIAGRAM
wa Booster Alone

MRC 1 .
Avﬂansvnlf//
’ t
A
B ] /
y r
/ DIMENSION
_MRC 2
(Yaw) TANK A B C
e 1.764 - C- e
e 1.764 5] L : 4d 1.709 0.047 4 1.502
\lﬂw_ﬁnu_v T, 1.709° 0.047 | 1.502
\\ Co -“.w ._ . VN# oo Ob.ﬂ ~ . wmm-v
/ I —
_ Booster Alone
- —- 17
m.u» _ X = 3.152" From nose
1 Y=20
m =0
. . @I-.|lol|
MRC m.l\\\\
(Yaw) :

Figure 19. Moment Transfer Diagram for B4 Booster Alone
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GENERAL ARMANGEMENT 040A ORBITER

ﬁ 2. Model values ara shown in
—r > parentheses,

\ ~ Notes:
\ \_\.\U 1. Al dimensions are in inches

1315 (7.89) >

e———— 1453 (8.72)

Cupola 2../ Moment Reference Point, MRP

\ \\ \
867.9 (5. 8&!!14 \ 287
\\ 100 A 600} (2.92)
-xﬁ 2400

AT e e T
N

Figure 20. General Arrangement OLOA Orbiter
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ORE/ITER Bopy ~ Bl

NOTES !

7. ALL DIMEMNSIONS ARE /N INCHES.

2. MODEL VALUES ARE SHOWN
IN PARENTHESLS »

noo .

E.wa N,ouwu _
Uoby 900
1016

\jjo0

1o7

4% 52 5% oo Teo_ 800 20 lol6  peo Jzoe s jao%
Co M m | | | a
. i

| | .
: w Z 500 (2.0)
! _ \ . :
- ¢—oE Baavcq__ _ : Z 398 (2.388)

7 ¢ 800y

!
'
|
'
)
)
1
'

.

ml e 1315 (7.89) , J_

Figure 21. Orbiter Body, wu.



WING AnD  ELEVON —~ W]

NOTE S :
I ALL DIPMSNEIZNE ATE IN 1HCHES,
S MELEL VALUEZ ARE SHoOWN

IN FAREENTHESIS.

Y. yis515
—{ s08 |-
| I 3846 ——————
- : 882 (5.29)
- —F
..‘_‘ ‘7°
S—" ¥y

.. Figure 22. Wing and Elevon, Wi
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EtEvony  DerFe ECTIONS

L/—‘ HINGE L/NE

VWING CHOED LINE Z
t_—-f*ﬁ o‘

:~¢ us-J ’
i |
'

(.708) I

L]

 RUYCDER  _FLARE Ar A Tyv~ocar  Secr/oN

NOTES ¢
‘ lo DIMENSICNS ARE IN /JCHES
C)y »i 2. Cp IS RLODER LoCAt
CHORD.
r 3. MooeL Virurs SHOWN sa 1750 TS

KULDER CHORD LINE

FIN A/o'ft’.f AJJlfpoha) ruJJcb—

. ’ ‘.[lar-c ang le of il7.5°;,us
HINGE LINE —/ < tesded at 2i= .6,.9, 1% ‘.‘for
InfCr.I-Jav-cc;floua" deTe

~, .

-

Figure 23. Elevon beflections and Rudder Flare
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Figure 2L, Vertical Fin and Rudder, Vi

NOTES ¢
1. ALL DIMENSIONS ARE IN INCHES .

= o
2. pooet VALWES ARE SHOWN 1~ \&a@\d\n\u\u - —— R A k_o.m‘
s |
~—— —_— Y.
, . - -~ /83 (f038) ~ - >
/ : .

= 109.7 e

— 40 Lt&wv*\am!f

270 (1.620)

Y- 2500

- 286 (1.727)

1
1‘” - 239

2
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Vir - LARGFR ARFA CENTEZRLINE VERTICAL TAIL AND RUDDER

i

8, = 2.514 1n° | Cp = 1.728 in

b =2.215 in 'cT = 0.542 in

¢ =1.239 in A = 0.310

. A = [o]
AR = 1.95 IE 45

W.L. 5.215
"/

W.Ii. 3.915

F.5. 7.590

>

- F.5. 8.823

()

Note: All dimensiong nve wodel seale in inches.

W.L; 3.00 (Ref.)

Figure 25. Vertical Fin and.,i@gd..der,. Vo

MCOONNELL DOUGLAS CORPORATION
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ACPLS EneiNE  _Pop ~

Pl

&

vivs TP~/

St

e /65 (. 990)

\.
\

NOTES 3

LALL DIMENZIONS AEZ
JINCHES, ‘

2. MODEL VALUES
IN FPARENT

W
ARE SHOwN
£578. °

I12R TYP

o' ’ \-
/JO \ T ot—
. ~ .
.
. o/ Ene/ivE  Fob —~— M|
| - 450-»’ 2.95
Y l f !
R
X/560 | R
. DX
251 (4509) o 0 0
) 250 /5.0
AX £g. =2 2?7
< —_———— 75.0 B2
>1 100.9 29.5
122.0 2%.2
A 2450 | 240
R.
L - - Z 390

Figure 26. ACPS Engine Pod, P1l and OMS Engine Pod, ML
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0.132 rad.

HO TANK, qg

1.645 dia.

ﬁlllxl 1.806 dia.

.158°.

L
~—

r—

e 3.000

* — o.%o,A \H

Rt

11.205

A1l a*am:m*osm are model scale, in inches.

Figure 27. Centerline HO Tank, Tl

113



HO TANK, 4~

o 1.645 dia.

0.132 rad. : 1.806 dia. m
i

10°

— o ——————— e e § e DR UUEPRURp . ...01'|~|

-

DU S —— q 0.640 ni
12.133

A11 dimensions are model scale, in inches.

Figure 28. Centerline HO Tank, T2
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0.132 rad.

HO TANK, T
3

.1.824 dia.

ﬁ|§§ dia.

-

11.442 ﬁ 578 ™

A1l dimensions are model scale, in inches.

Figure 29. Centerline HO Tank, T3
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TANK Hb WITH TANK VENTRAL FIN, m~

- 10.200 o o

- — e e e - - e e dimeiemeeean e M
i o
\PLMHHM||LMHHL1\1§us e . 7.680 vu

e |

. }

_ — 0,576 =—

b !

| 2.004 DIA. 1.883 DIA.

e e+ s __.' —— - —-— -— — -— - PR U S HpI
\\w.dmgx ‘

- 20°
A1l dimensions are model scaie, in inches

Figure 30.

Centerline HO Tank T) With Tank Ventral Fin, F



TANK VENTRAL FIN, ....._

- 1.940 .

1.420

A1l dimensions are model scale, in inches

Figure 31. Centerline Ventral Fin, Fy
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0.132 rad.

BOOSTER, md & B85

1.235 dia.

OO
WI

~1.414 —

A1l dimensions are modal scale, in inches.

na

11916 dia.

10.792
BS | 8.85° Ref
N S e
N f
e N\ e -
Z
) —~— 2.1984 —>
Figure 32. Boosters, B; and Bs
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ByS4

3.744 DIA.
-1 T
0.132 RAD. 1.235 DIA. Y - y ) //, E
} : 30 \\ \
\—20° _ | . . X _ I - .RW\\:/// |./ @
: NN E
4 | N /
Y N ~ \\\\\\w
Fe 2198 3T R

. 10.792 . >

A1l dimensions are model scale , in inches

Figure 33. Booster, wu..m“_.



0.132 RAD.

1.235 DIA.

f

5.618 DIA.

T

#m (-] \\

10.792

2.194

A

A1l dimensions are model scale, in inches

Figure 34. Booster, ByS,




| . 45" / 2.412 DIA. \; .
Oc.—wN gco .—-Nwm cH>o \ v

20° y . dgfﬁ \\ / X .. &

— F il /W_\wlt. g

=> 2.194
10.792 e

Sy

A11 dimensions are model scale, in inches

Figure 35. Booster, ByD,



By D, | | 0.4

N ~ 1=
75° 2.412 DIA.
15° . |
0.132 RAD. d.NMm DIA. | \ | L
NOO - y / \.‘L/. ..
. — - — _Mnlx\ /Jul=u4u.:. _
A . . 1 | — ]
\ NG
L / —~l e
,/ i 2.194 |

10792 at _ v_L | .

>A~ dimensions are model scale, in inches

Figure 35. (Continued)

122



6

—~ | b 0.4
75° 2.412 DIA. | -
15°/ O\ | ,
0.132 RAD. 1.235 DIA. ] ~ ) .
\2o° 3 =
N ) T ~l||l., — — MM._J
« _ . _ —
. rl/L _ |
4 \L‘l o
- n >—2.194
10.792 \

A11-dimensions are model scale, in inches
Figure 36. Booster, ByDg



mdow i ] T'o.m

2.412 DIA.

~

o

°

1
—
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1.235 DIA. 15° |
: 0.132 RAD. + INI.
Nmoo i
e _ . . 1 _
. Z 1 1.6
7/
J an
._o.Nom \ —

- A1l dimensions are model scale, in inches

Figure 37. Booster, B1D7



BOOSTERS, mm & B,S & wa

0.100 rad.
ﬁll 0.936 dia. /S 8
g 1
|o~o - _— ...VN. L /\ a":/M
——i1.093 m‘ —] I b
. I - 1.330 lﬁlll.n.mmo M %_w
ByS — 51 m~ a
2 \h‘////
N ( [ v _
1//// Gﬁ\\\
- 10.633 _ M

A1l dimensions are model scale, in inches.

9.673 s Nozzie
— .mw&x. 4
B I <
2 T 7
B6 lll\. ?.m.m.v 15° /._wv .795 dia.
Figure 38. Boosters,B,, BoS & By



BOOSTER, ww

126

4_||| 2.412 dia
—— 0.132 rad. ﬁ1|||111d.mum dia. ‘ —— _
—~_15° ] /// H
o
5° » \\ ﬂ/// \
A. - - -7 - | A WY BN .
| .-1.820 __.|

2.194 4 i_.\
10.800 — A

A1l dimensions are model scale, in inches.

Figure 39. Booster, B3



0.132 rad.

o —1.909 dia;
—— 1.483 dla. \ I

20°

~~. .Ml.

T AN

~1.764 —

T
_ D)

9.025

A1l dimensions are aoamdAmnw_m. in fnches.

Figure 40. Booster, Bk
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0.010

FIN, Fy

(Shown mounted on Booster, m )

——r—

- 1.800 —~
0.165 —

11T

0.100

f»x. M)///|;| 0.660

A1l dimensions are model scale,

in inches.

Vertical
Centerline
Ref

Figure 41. Booster Fin F), Mounted on Booster B
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M4/
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OrS
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Figure 42. Booster, BrAy
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Configuration shown
provides independent
support for boosters

tank and orbiter. \\\\
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Figure 47. Tunnel Hbm.w.mu.u.mawos for the OBT Configuration-Pitch Series
(orbiter, Tank and Booster Independently Siipported) .



qczzmr INSTALLATION FOR THE OBT CONFIGURATION
PITCH SERIES

Boosters and Orbiter fixed to centerline tank. _ ‘
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POD ADAPTER

7 _ 32417 STING - ROLL POD 7

—

..

N N ~
N.\.|||.._,>z_A MOUNTED ON _

1.0"TASK BALANCE
SIDE

Figure 48. Tunnel Installation for the OBT Configuration-Pitch Series
(Booster and Orbiter Fixed to Centerline Tank)
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TUNNEL INSTALLATION FOR THE OBT CONFIGURATION
PITCH SERIES

Boosters fixed to centerline tank.
. 3484 POD -

= 1 —
{
g TOP . .
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1.0" TASK BALANCE : .
. | SIDE - -

Figure 49. Munnel Installation for the OBT : i on -]
Confi ation-Pi s
(Booster Fixed to Centerline Tank ) guratlon Pitch Seriles
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Eona ._mo,ogs fixed to centerline . -
tank, left Booster Independently
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Figure 50. Tunnel Installation for the OBT Configuration-Pitch Series
(Right Booster Fixed to Centerline Tank, Left Booster
Independently Supported)
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TUNNEL INSTALLATION FOR THE OBT CONFIGURATION
PITCH SERIES

Left and Right boosters independently
3484 POD

supported with centerline tank, T1 in
forward position.
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Tunnel Installation for the OBT Configuration-Pitch Series

Figure 51l.
(Left and Right Bogster Independently Supported)
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w»mswm 52. Tunnel Installation for the ORT Configuration With 6° Sideslip
Angle-Pitch Series (Boosters Fixed to Centerline Tank)
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TUNNEL INSTALLATION FOR THE OBT CONF IGURATINN
Orbiter mounted on - YAW SERIES

3/4" task balance

0° Angle of Attack - 3484 POD
- Boosters fixed to centerline tank

\..\,\...wt\\\\x {
St e S = S |

Tank mounted on

TOP
1.0" task balance .

32717 6 DEG.
POD ADAPTER
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32354 REMOTE
ROLL POD

32417 STING

- SIDE '
Configuration With 0° Angle of Attack-

Figure 53. Tunnel Installation for the OBT
Yaw Series (Boosters Fixed to Centerline Tank )



~ TUNNEL INSTALLATION FOR THE OBT nozﬂumcx>4~oz
YAW SERIES

6° Angle of Attack
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Tunnel Installation for the OBT OOSWHmSHmﬁwos With 6° >bmwm of Attack-
Yaw Series (Boosters Fixed to the Centerline amswv
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TUNNEL INSTALLATION FOR THE OBT CONFIGURATION
PITCH SERIES ’

3484 POD
Orbiter alone
v
‘M\h\. . ., _ S - - N e [ e | - § e
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Figure 55.

SIDE
Tunnel Tnstallation for the Orbiter Alone Configuration
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TUNNEL INSTALLAT

PITCH SERIES

10N FOR THE OBT CONFIGURATION

Centerline tank alone.
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Figure 56.

Tunnel Installati
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on for the Tank Alone Configuratlon



ION FOR THE OBT CONF IGURATION

TUNNEL INSTALLAT
PITCH SERIES :

Booster alone 3484 POD
— \l% ..l_».. — .lrll. i — e m R U JUNUN I GRS g
T ——
37773 ADAPTER TOP . m
. i 32717 6 DEG. |
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- — A / . _ _ A\ N
— i Ol
—d l . . .
wd. wm. wmmw ww mounted on w\az.nomx balance L
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. Figure 57.

Tunnel Installation for the Booster Alone Configuration
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DATA FIGURES

Tabulations of the plotted‘data and corresponding
source data are available from SADSAC Operations.
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